Abstract
Informed consent was obtained from each participant. Thirty apparent viscosity of the PMN was estimated by calculation of the bulk apparent viscosity as patients with CRF were included in the study. Ten of them had early-stage CRF (serum creatinine less than 2.5 mg/dl ), m app =(DP-P cr ) R p /6(dl/dt) (1-R p /R out ) 10 had end-stage CRF, but were not being dialysed (estimated (expressed in dyn.s/cm2), where DP-P cr is the excess suction GFR <10 ml/min), and 10 were long-term HD patients. The pressure above the critical pressure P cr , which is the suction HD patients were being dialysed thrice weekly with bicarbonpressure corresponding to the initial hemispherical projection ate dialysate and single-use cellulose acetate membranes length tongue, dl/dt is the rate of entry into the pipette and (Altra Nova, Althin Medical Inc, Miami Lakes, USA). To R p /R out is the ratio of pipette radius R p to the outside cell investigate the influence of the nature of the HD membrane radius R out . Between 3 and 8 neutrophils were studied from on PMN rigidity the patients dialysed with cellulose acetate each sample. It has been previously reported that different were switched to polysulphone membranes (F7 HPS, types of leukocytes as well as passive and activated neutroFresenius Medical Care, Frankfurt, Germany) which cause phils can be distinguished by light microscopy via electronic less complement activation [14] . magnification, without staining and without separation PMN rigidity and cytokine production were assessed once medium [18] [19] [20] . Neutrophils were distinguished from other for each patient with both types of membrane. leukocytes and their precursors by the shape of the nucleus. All HD patients had been on dialysis from 4 to 5 h
In mature PMNs, the nucleus consists of two to five lobes. per session, thrice weekly, for the previous 3 months, with Although sometimes the granules interfere with the view of the same type of membrane.
the nucleus, it always becomes clearly visible upon cell PMN rigidity, TNF-a, and IL-1b were tested pre-dialysis, aspiration [18, 20] . In this study we measured cell rigidity on and at 1, 30, 120 and 240 min after initiation of dialysis. The passive PMNs only. Passive PMNs were considered to possame tests were performed on undialysed CRF patients.
sess the following characteristics: regular cell membrane Routine biochemical and haematological blood tests were appearance, spherical shape, and no pseudopod formation. performed for each patient at the time of the experiment.
Activated PMNs were assumed to be the cells with visible Forty healthy, non-smoking subjects recruited from volunteer pseudopod projection greater than 0.5 mm, irregular cell blood donors served as controls. Subjects or patients with membrane appearance, tongue growth in the pipette abruptly diabetes, a history of malignancy and other immune suppresslowed or stopped, or activated upon contact with the sion, active or recent infections, and those receiving corticomicropipette surface [19, 20] . Therefore the terms passive and steroids, non-steroidal anti-inflammatory drugs, or agents active imply morphological and not functional status of known to influence PMN rigidity were excluded.
activation. In each experiment the distribution of passive and active PMNs was counted by light microscopy. The experiments were conducted at a controlled temperature of
Cell preparation
20-25°C. The duration of each experiment was no longer than 3 h. All blood samples were anticoagulated with EDTA (1 mg/ml ) because EDTA results in reduced leukocyte activa-
Cytokine measurements
tion [15] . The blood was centrifuged at 200 g for 30 min. Leukocytes were taken without separation medium from the Blood obtained from the arterial site of the arteriovenous buffy coat and washed twice at 200 g for 5 min with phosfistula (HD patients) or by phlebotomy (CRF patients and phate-buffered saline (PBS) enriched with 0.1% albumin, healthy subjects) was collected in sterile vacuum tubes conand resuspended in their own plasma.
taining EDTA (1 mg/ml ) and centrifuged immediately at 400 g at 4°C for 10 min. Plasma was removed without disturbing the buffy coat and small aliquots were frozen at Rigidity studies −70°C. Samples were thawed only once. TNF-a and IL-1b were detected by enzyme-linked immunosorbent assay Rigidity studies were performed blindly by calculating PMN ( ELISA) (Endogen Inc, Woburn MA, USA) in duplicate. deformability using micropipettes to aspirate neutrophils
The method detects <5 pg/ml of human TNF-a and under microscopic observation at rates comparable to those <1 pg/ml of human IL-1b. observed in the microcirculation as previously described [16, 17] . Briefly, a few drops of appropriate leukocyte suspension were observed using an inverted light microscope Results (Olympus IM, Japan) with an additional electronic magnification. The overall magnification was approximately Some characteristics of CRF patients with are pre-×8000. The cell suspension was placed into a reservoir made sented in Table 1. Table 2 illustrates the differences in of two cover slips and a parafilm gasket. A glass micropipette, PMN rigidity between study groups and controls. with cellulose acetate membranes and HD patients with polysulphone membranes compared with controls (809±197, 820±340, and 734±313 vs 15.5±3.1, P<0.05 respectively) but not in early-stage CRF patients. IL-1b levels were significantly higher in endstage non-dialysed CRF patients, HD patients with cellulose acetate membranes, and HD patients with polysulphone membranes compared with controls (319.5±232, 535.2±317.2, and 508.5±297.6 vs 6.5±4.9, P<0.05 respectively). Table 2 also shows that Fig. 1 . PMN rigidity and TNF-a, and IL-1b plasma concentrations rigidity, TNF-a, and IL-1b levels in early-stage CRF in CRF patients haemodialysed with cellulose acetate membranes before (time 0) and during dialysis. Each dot represents mean±SD patients differ significantly from all end-stage CRF of 10 patients. Rigidity is expressed in 1000×dyn.s/cm2. patient groups. Figure 1 illustrates rigidity, TNF-a and IL-1b levels during dialysis with cellulose acetate membrane. In the 812±340, P<0.05) and at 120 and 240 min returned to levels that were not significantly different from the first minute after dialysis PMN rigidity decreased slightly, but it increased significantly at 60 min com-pre-dialysis levels. Although IL-1b levels showed an increase at 60 min of HD, the values did not reach pared to pre-dialysis values (12 796±2550 vs 8878±2122, P<0.05). After this peak, rigidity significance. Figure 2 illustrates rigidity, TNF-a, and IL-1b levels decreased significantly at 120 and 240 min (12 796±2550 vs 10 933±1777, P<0.05 and during dialysis with polysulphone membranes. A significant increase in PMN rigidity was noted at 60 min 10 933±1777 vs 9551±1388, P<0.05 respectively) when it reached the pre-dialysis values. TNF-a levels after dialysis as compared to pre-dialysis values (11 417±1866 vs 8662±1869, P<0.05). At 120 min increased at 60 min after dialysis (1404±490 vs acetate and polysulphone membranes. Table 3 illustrates the percentage of morphologically activated PMNs in control and study patients. There was a significant increase in activated PMNs at 60, 120 and 240 min after HD as compared to pre-dialysis and control values. No differences were found in activation between early-stage CRF, late-stage non-HD CRF, and controls. There were no significant changes in neutrophil count before and during dialysis irrespective of the nature of dialysis membrane. Serum calcium, phosphate, sodium, potassium, magnesium, ferritin, iron, transferrin, PTH and haematocrit were not significantly different between the patients of each group. In all HD patients the urea clearance (residual renal function) was <1 ml/min. The erythropoietin dose in end-stage and HD CRF patients was 2000-4000 IU thrice weekly. None of the patients was an alcohol abuser. All HD patients except two (10-20 cigarettes per day) denied cigarette smoking. ators is known to involve two margination processes: a rapid sequestration of PMNs that mainly involves an increase in PMN rigidity, and a prolonged sequestrigidity decreased but not significantly and at 240 min rigidity decreased significantly as compared to 60-min ration of intracapillary neutrophils that involves cell adhesion via integrins and selectins [1-4]. While many nadir values, but it still increased significantly as compared to pre-dialysis values (10 083±1362 vs 11 417, data have been reported on the expression of leukocyte adhesion molecules during HD, changes in PMN rigid-P<0.05 and 10 083±1362 vs 8662, P<0.05 respectively). TNF-a levels increased at 60min after dialysis ity had not been previously analysed in HD and CRF.
In the present study we clearly demonstrated that (747±283 vs 1276±430, P<0.05) and returned to pre-dialysis levels at 120 and 240 min. Although IL-1b morphologically passive (non-activated ) PMN rigidity increased significantly in both dialysed and nonlevels showed an increase at 60 min of HD, the values did not reach significance. There were no differences dialysed end-stage CRF patients, but it was unaffected in early-stage CRF patients. Rigidity increased further in rigidity and TNF-a and IL-1b levels before and during dialysis between patients dialysed with cellulose at 60 min after initiation of dialysis. It has been previ-ously reported that endotoxin, TNF-a, IL-1b, and IL-6 TNF-a, IL-1b, and IL-8 had no synergistic effect on PMN rigidity in one study [13] . are increased in plasma of end-stage CRF patients and Although polysulphone HD membranes cause less that some of the cytokines are increased further during complement activation as compared to cellulose acetate HD [8] [9] [10] [11] . In this study both TNF-a and IL-1b were membranes [14] we did not find any differences in significantly increased in end-stage CRF patients and rigidity, cytokine production, or percentage of activincreased further during HD. These results concur in ated PMNs between the two types of membrane. part with those of previous studies. It is well established Serum electrolytes, ferritin, iron, and transferrin that cell activation [12, 13] , endotoxin, and cytokines saturation did not differ among end-stage CRF [12, 13] have potential pathophysiological importance. NeutroIn this study, however, we demonstrated that passive penia and pulmonary vascular leukostasis during (non-activated) PMN rigidity is increased in uraemic the early phase of HD may be due to increased PMN patients, which suggests that some factors or substiffness which, under specific circumstances, may stances found in these patients depress the ability of become critical, inducing PMN retention in capillaries. PMNs to deform. This may differ from the effect of Furthermore, chemotaxis and phagocytosis are major PMN activation on rigidity.
components of PMN function and require intact cytoThe micropipette system used in the present study skeleton properties. Defective PMN rigidity may, to is relatively cumbersome to carry out, but has the some extent, explain the impaired PMN function in advantage that the actual process of deformation can the susceptibility to infections observed in uraemic and be observed and calculated for each individual cell. It HD patients. is also possible to distinguish between passive and
In conclusion, PMN rigidity is defective in end-stage active cells, and to calculate the percentage of activated CRF patients and the rigidity increases further at 1 h cells. These characteristics, however, represent the mor-after initiation of dialysis. Cell activation and circulatphological and not the functional status of activation ing cytokines, as well as direct PMN impairment, may and may sometimes be an insufficient evaluation of the be related to increased PMN rigidity. This may explain PMN resting stage. However, this methodology has in part the increased susceptibility to infections in been successfully applied in many experiments by uraemic patients and the sequestration of PMNs several field experts. Deformability was tested only on observed during HD in some patients. passive PMNs because cell activation plays an important role in rigidity. Our finding that the percentage of activated PMNs was significantly higher during HD but not in end-stage non-HD CRF patients favours References the hypothesis that activation is not the only factor 
